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Abstract 
In recent years, dust phenomenon as an environmental externality has affected Iran and other Middle East countries. The major 
parts of dust which has polluted Iran’s atmosphere, mainly comes from Iraq. This dust phenomenon has also had a lot of 
economic and social damages for these two countries. 
The main aim of this study is to analyse the advantages of cooperation between Iran and Iraq against this phenomenon. The 
significant damage of this phenomenon has been estimated on health and hygiene, transportation and agriculture sections. The 
expenditure in contrast with this problem has also been calculated in the crucial zone of creation dust. 
According to the estimation of this study, total damages of dust for Iran and Iraq are 1043.5 and 1404 million dollars, 
respectively. While the cost of solving this problem is about 2425.7 million dollars. By applying cooperative games theory, the 
cooperation between Iran and Iraq to combat dust phenomenon has been analysed. Net benefits of these two countries has been 
calculated in two cooperation games and their characteristic functions has been derived. Then by using Shapley solution, 
outcome benefits have been distributed between these two countries. The results suggest that the net benefits of two countries 
will increase if they associate with each other. In the meantime, based on the results of coalition, a fairly allocation has also been 
used for costs which has been utilized against dust phenomenon between Iran and Iraq. So these two countries should spend 
1442.6 and 1082.1 million dollars to conquer this phenomenon, respectively. 
The managers of Iranian environmental protection organization should have more effective cooperation with Iraq to resolve 
dust problem by using diplomatic means and provide parts of its cost by side payments.  
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1.  Introduction 
The dust phenomenon is one of the most important world challenges especially in arid and semiarid areas such as 
Middle East. In recent years this phenomenon affected some countries such as Iran and Iraq. Because of various 
factors such as inappropriate utilization of water and soil resources, consecutive wars occurring, vegetation 
destruction and marshes drying along with natural events and climate changes, dust phenomenon has been 
intensified in the Middle East region. In the western of Iran, dust storms occurrence with foreign origin has 
extremely increased and made social, economic and environmental problems during last years. Health trouble is one 
of the most important effect of dust phenomenon affecting of the people of society. Particles connection can causes 
cardiovascular disease such as heart attacks and infarct (EPA5, 2009). These particles lead to blood clotting in 
vessels (Pope, et al, 2006). 
Dust causes respiratory disease like Asthma such that the regions which have affected dust storms like the Middle 
East and Caribbean have the highest prevalence of asthma among the world (EPA, 2009; Griffin, 2007). In addition, 
it can lead to epidemic diseases such as meningitis and valley fever (Sultan, et al, 2005: MMWR6, 2003). Therefore 
the exposure of these particles cause early death in short time and especially in long time (EPA, 2009). 
In addition, because of troubles made from visibility reduction, the dust phenomenon mainly lead to road, air and 
rail transportation disturbaces. Visibility reduction increases road accident and consequently causes many bodily and 
financial damages (Ekhtesasi and Sepehr, 2009). For instance, dust storms in Beiging7 increased road accidents from 
20 to 30 percent compared to normal conditions (Ai and Polenske, 2008). Also, the total travelling time and costs for 
drivers, passengers and road-based public transport increases when visibility limitation causes the potential 
reduction in travelling speed or cancellation (Tozer, et al, 2013).  
Dust storms has a major effect on air transportation services and airports closure so the airlines are forced to divert, 
delay or cancel flights. These practices have extra costs of fuel and labor required to align passengers (Tozer, et al, 
2013).  
Dust storms cause environmental damages both at their site of origin and downwind. Where the dust arises from the 
damage is caused by the loss of top soil, resulting in the reduction of soil carbon and organic matter (Leys, 2002). 
Dust and windblown sand can also cause burying vegetation and damaging infrastructure such as fencing and 
irrigation facilities (Huszar and Piper, 1986; Bennel, et al, 2007). 
Dust deposition on the surface of leaves blocks their stoma and thus the mechanism of gas exchange, evaporation, 
transpiration and photosynthesis is faced with the problem (Mehravaran, 1999) and thereby reduces the plant 
defense power against pests. This can stop the growth of plants and decrease agricultural production by about 30% 
(Ye, et al, 2003). In addition, the deposition of dust on the soil surface, will change the soil structure and reduce the 
infiltration rate, leading to the degradation of the soil (Migahid, et al, 1995). 
Other than direct losses that followed, Dust phenomenon cause indirect harmful damages in varied different sectors, 
such as closure of schools, offices and economic centers, impairment of television signals, climate change and the 
loss of water resources, poverty growth and its social consequences, forced migrations. 
Given the political and social consequences of dust phenomenon in the Middle East, and its problems in human 
health and living creatures, investigating of the issues has become a necessity for the region. Thus, if estimating of 
the losses of dust phenomenon will be determined, a measure for the solution of this phenomenon will be 
determined for societies and countries authorities as well. On the other hand, cooperation of countries involved in 
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this phenomenon is necessary due to trans boundary property of its externality. The game theory is a useful method 
for the analysis of these issues. 
In this study, first of all the amount of dust phenomenon damages in Iran and Iraq as well as the cost of conquering 
this phenomenon will be estimated. Then by applying cooperative games theory and considering Iran and Iraq 
countries as players, environmental and economic aspects of dust phenomenon in both cooperation and 
noncooperation solutions will be presented. 
2. The Literature survey   
This section reviews the studies related to the topic of the paper. So given the breadth of the subject, the review of 
these studies will present in two separate categories: the studies surveyed and assessed the damages of dust 
phenomenon in the first and applied game theory to resolving international issues as trans boundary pollution in the 
second. 
2.1. A review of studies on the dust phenomenon 
Williams and Young (1999) calculated annual wind erosion damages using Benefit Transfer Method (BTM) in 
Australia. In this study the sectors of health, flights, car accidents and road maintenance sections have been chosen. 
The total amount of damages in the case of low, medium and high were estimated 11, 23 and 55 million in 
Australian dollars, respectively. 
Kang et al (2004) estimated socio-economic costs of dust storms in South Korea, by assuming an average of 14 
dusty days per year. They firstly calculated the socio-economic cost per person about $ 29.51 and then multiplied 
this number by the total population of South Korea and modified it with a discount rate of 7.5 percent. Thus, the 
total socio-economic damages are estimated in amount of $ 5921 million per year. 
Miri et al (2009) investigated the damages of dust storms in the Sistan region. They completed questionnaires 
among the local people. They also reviewed the relevant organizations reports, so the damages have been estimated 
about $125 million, during the years 2000 to 2004. 
Tozer and Leys (2013) estimated the economic effects of a large dust storm called Red Dawn occurred in the state of 
New South Wales in Australia on 23 September 2009. By applying Benefit Transfer Method (BTM) and using 
previous related studies, they calculated the damage cost of the dust storm in transportation, commercial activities, 
cleaning and closure of schools and businesses. The damages have been estimated about $ 299 million totally. It is 
mentioned that they didn’t consider the estimating health damage due to its intangible effects and lack of 
information.  
2.2. A review of studies on the application of game theory in environmental pollution 
Kaitala, et al (1992) analyzed acid rain issue as a trans boundary air pollution in framework of a dynamic game 
between Finland and the Soviet Union. In this research is assumed that the countries are going to maximizing the net 
benefits from pollution control as measured by the impacts on the values of forest growth net of the abatement costs. 
The cooperative and no cooperative solution have been compared to assess the benefits of bilateral cooperation. The 
results show that cooperation is beneficial to Finland, but not to the Soviet Union. Consequently, Finland has to 
offer financial compensation to its neighbor to encourage investment in environmental protection. 
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Halkos and Hutton (1993) calculated the potential benefits from cooperation of some Western European 
countries to prevent the acid rain phenomenon. The cost of removing sulfur dioxide emission in the electricity 
generation process is defined as the cost of reducing pollution. The results showed that acid rain damages are much 
lower while the countries cooperate together. 
Botteon and Carraro (2001) by considering a model with five asymmetric regions including: 1. Japan; 2. USA 
and Canada; 3. Europe Union; 4. Eastern Europe and Russia; 5. India and China; as players to survey an 
international environmental agreement in game theory framework. To allocate the cost of pollution emission 
reduction among players, the study used the Nash bargaining and Shapley solutions. The results show that, using the 
Shapley solution with transfer payments, creating an incentive for further cooperation.  
 
3. Methods and the procedures of the calculation 
As mentioned earlier, dust phenomenon causes many damages that it is difficult to estimate all of the relevant costs. 
So, based on the viewpoints of environmental experts, the most important damages were identified. Then by taking 
into consideration the findings of previous studies, the damages will be estimated. Accordingly, the damages caused 
by dust phenomenon in health, transportation (road and air) and agriculture (cultivation and gardening) is estimated. 
It is worth noting that, although the pollution of dust phenomenon in Iran sometimes goes to the central regions 
of the country, in the provinces of West and South West of the country due to greater intensity and frequency of this 
phenomenon, pollutants caused further damages. Accordingly, on the basis of consultation with environmental 
experts, the provices of Khuzestan, Kermanshah, Ilam, Kurdistan, Lorestan and Bushehr were selected as the most 
influenced regions to estimate the damage. In the case of Iraq, almost all regions of the country is affected by dust 
phenomenon. Thus, the dust phenomenon costs of the entire country of Iraq will be calculated. 
Concentration, persistence and number of dusty days, are the main factors that affect the amount of dust 
phenomenon damages. However, based on consultation with environmental experts, dusty days will be considered 
as influential factor on the amount of damage in this study. 
In addition, in this research, in order to be comparable and addable the findings with other researchers the 
calculated values are expressed in 2013 prices and based on US dollar. So, after calculating the damages in each 
section and convert them into dollars (if needed), then by using equation (1) the values will be calculated in 2013 
prices: 
 )1             (                                                       ࢂ2013 ൌ σ ࡰ࢚Ǥሺ1 ൅ ࢏ሻ࢚2013࢚ୀ࢚Ǥ 
In the above equation, ࢂ2013 is the value of losses in the year 2013, t. is the initial year (the year that the amounts 
transferred to this study), Dt. is the Losses in t. year and i is the rate of inflation. 
To estimate the amount of damages in the health sector, the study will be used the study of Miri, et al (2009) that 
have estimated the damages of dust storms in the Sistan region during the period 2000 to 2005. Thus, the amount of 
damages determined by Miri, et al (2009), based on per capita and dusty days of Sistan region will be considered, 
then the values according to equation (2) will be transferred to the regions under study. 
In this study, the damages in transportation system in both road and air part will be estimated separately. First in 
the road transportation sector by using Miri, at al (2009) and applying equation (3), the damages of accident cars 
(2) (Population) 
 
      
X (Dusty Days 
Number) 
 
 
X 
(Health Damages Caused by 
Dust Storms per Person per 
Dusty Day) 
 
 
= Health Cost    
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will be calculated. In the equation (3), road trips number as a factor in the number of accidents have been 
considered. 
The Damages in 
the Road 
Transportation 
Section 
 
 
 
= 
(Damage Caused by 
Accidents per Trip per Dusty 
Days) 
 
 
 
X 
(Dusty Days 
Number) (Trips Number) (3) 
In the air transportation sector, Miri, at al (2005) calculated the damages caused by the cancellation and delay of 
flights in dusty days in the Sistan region. So by using this study and based on equation (4), the damages of air 
transportation in the regions studied will be estimated. The number of air flights has been considered as the main 
factor in cancellation and delay of flights.  
The Damages in the Air Transportation 
Section= 
 
 
 
= 
(Damage Caused by 
Cancellation and Delay per 
Flight per Dusty Days)  
(Dusty Days 
Number) 
(Flights 
Number) (4) 
Due to the special conditions of each region climate, agricultural products are different. In addition, different types 
of agricultural products in the region has not been distributed uniformly. Therefore, the value agricultural products is 
different depending on the amount of each type of product in each region. For this reason, Benefit Transfer Method 
(BTM) has limitations in estimating the amount of agricultural damages. 
Proportional to the value of the products of each region, the method will be used to estimate the damages of 
agricultural sector. Ai and Polenske (2008) study stated that the dust particles in China has caused reduction of 
agricultural products to 30%. Ye, et al (2003) also acknowledged that the deposition of dust reduces agricultural 
production about 30%. Hence, according to the studies mentioning, a 30% decrease in agricultural production due to 
dust phenomenon, will be considered for calculating the damages. 
Thus, to calculate the depreciation of agriculture production (cultivation and gardening), first, it is necessary to 
estimate the value of all products with the assumption of not happening dust phenomenon and then calculate the 
reduction amount of them (namely 30%) based on the value estimated at first (Khaleghi, 2010) 
௘ܸ௦௧௜௠௔௧௘ ൌ  ௥ܸ௘௔௟ ൅ Ψ͵Ͳܺ ௘ܸ௦௧௜௠௔௧௘ ՜  ௘ܸ௦௧௜௠௔௧௘ ൌ  ௥ܸ௘௔௟Ψ͹Ͳ 
 
(5) 
Where Vestimate is the estimated products value with the assumption of not happening dust phenomenon and Vreal is 
the real products value in the condition of dust phenomenon happening. 
Therefore, the cost of damages in agriculture section will be estimated by the following equation: 
ൌሺ͵ͲΨሻୣୱ୲୧୫ୟ୲ୣ 
 
(6) 
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4. Research Calculation and Model Estimation 
4.1. The Amount of Damage Cost of Dust Phenomenon in Iran and Iraq 
By using the equations from (2) to (6) the amount of dust phenomenon damages in Iran and Iraq will be 
calculated. Then by applying equation (1) the values will be expressed in 2013 prices. The results of calculations 
of Iran and Iraq are presented in Tables 1 and 2 respectively. 
Table 1. The amount of damage caused by the dust phenomenon in Iran 
Damage (million dollar-prices of 2013) Section 
306.5 Health 
66.6 Transportation 
670.4 Agriculture 
1043.5 Total 
Source: research Calculations 
4.2. Estimation of Combating Cost 
According to studies conducted by the Iran Meteorological Organization, 6 region of dust phenomenon happening 
have been detected. The area of these six regions located in Iraq is 6654 square kilometers (about 665,400 hectares) 
approximately. 
On the other hand, based on the calculation of the Iran Forests and rangelands office, mulching cost along with trees 
planting and based on the number of years of their useful durability has been estimated to amount of 2524.7 million 
dollars per hectare, annually. 
4.3. Cost and Benefit Allocation between Iran and Iraq 
To evaluate the contribution of each country for combating dust phenomenon, a basic assumption will be 
considered: If the two countries combat with dust phenomenon, all of the losses will be prevented. 
So, the net benefit gained from the coalition will be calculated: 
ࡺ࡮ሼ׎ሽ ൌ ૙  
ࡺ࡮ሼࡵ࢘ࢇ࢔ሽ ൌ ࢀ࡮ሼࡵ࢘ࢇ࢔ሽ െ ࢀ࡯ሼࡵ࢘ࢇ࢔ሽ ൌ ૚Ǥ ૝૜Ǥ ૞ െ ૛૞૛૝Ǥ ૠ ൌ െ૚૝ૡ૚Ǥ ૛ 
ࡺ࡮ሼࡵ࢘ࢇࢗሽ ൌ ࢀ࡮ሼࡵ࢘ࢇࢗሽ െ ࢀ࡯ሼࡵ࢘ࢇࢗሽ ൌ ૚૝૙૝ െ ૛૞૛૝Ǥ ૠ ൌ െ૚૚૛૙Ǥ ૠ 
ࡺ࡮ሼࡵ࢘ࢇ࢔ǡ ࡵ࢘ࢇࢗሽ ൌ ࢀ࡮ሼࡵ࢘ࢇ࢔ǡ ࡵ࢘ࢇࢗሽ െ ࢀ࡯ሼࡵ࢘ࢇ࢔ǡ ࡵ࢘ࢇࢗሽ ൌ ࢀ࡮ሼࡵ࢘ࢇ࢔ሽ ൅ ࢀ࡮ሼࡵ࢘ࢇࢗሽ െ ࢀ࡯ሼࡵ࢘ࢇ࢔ǡ ࡵ࢘ࢇࢗሽ
ൌ ૚૝૙૝ ൅ ૚૙૝૜Ǥ ૞ െ ૛૞૛૝Ǥ ૠ ൌ െૠૠǤ ૛ 
Where TB is total benefit gained from dust phenomenon conquer, TC is the total cost to combat it and NB is net 
benefit. 
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Table 2. The amount of damage caused by the dust phenomenon in Iraq 
Damage (million dollar-prices of 2013) Section 
615.7 Health 
52.6 Transportation 
735.7 Agriculture 
1404 Total 
Source: research Calculations 
Characteristic function of the game is as follows: 
ࢂሼ׎ሽ ൌ0 
ࢂሼࡵ࢘ࢇ࢔ሽ ൌ ࡺ࡮ሼࡵ࢘ࢇ࢔ሽ െ ࡺ࡮ሼ׎ሽ ൌ െ૚૝ૡ૚Ǥ ૛ 
ࢂሼࡵ࢘ࢇࢗሽ ൌ ࡺ࡮ሼࡵ࢘ࢇࢗሽ െ ࡺ࡮ሼ׎ሽ ൌ െ૚૚૛૙Ǥ ૠ 
ࢂሼࡵ࢘ࢇ࢔ǡ ࡵ࢘ࢇࢗሽ ൌ ࡺ࡮ሼࡵ࢘ࢇ࢔ǡ ࡵ࢘ࢇࢗሽ െ ሺࡺ࡮ሼࡵ࢘ࢇ࢔ሽ ൅ ࡺ࡮ሼࡵ࢘ࢇࢗሽሻ ൌ െૠૠǤ ૛ െ ሺെ૚૝ૡ૚Ǥ ૛ െ ૚૚૛૙Ǥ ૠሻ ൌ ૛૞૛૝Ǥ ૠ 
By using Shapley value, net benefits will be allocated between two players (Iran and Iraq). Shapley values were 
calculated and presented in Tables 3 and 4 for Iran and Iraq respectively. 
Table 3. Shapley value calculation for Iran 
ሺሃௌሃି1ሻǨሺ௡ିሃௌሃሻǨ
௡Ǩ ሾܸሺܵሻ െ ܸሺܵ െ݅] 
ሺሃܵሃ െ 1ሻǨ ሺ݊ െ ሃܵሃሻǨ
݊Ǩ  ሾܸ
ሺܵሻ െ ܸሺܵ െ ሼ݅ሽሻ] ሃܵሃ Coalition with Iran 
൬1
2
൰ ሺെͳͶͺͳǤʹሻ ൌ െ͹ͶͲǤ͸ ሺ1-1ሻǨሺ2-1ሻǨ2Ǩ ୀ12 V({Iran})-V({׎})=1481.2 1 {Iran} 
ሺ1
2
ሻሺ͵͸ͶͷǤͶሻ ൌ ͳͺʹʹǤ͹ ሺ2-1ሻǨሺ2-2ሻǨ2Ǩ ୀ12 
V({Iran},{Iraq})-
V({Iraq})=3645.4 2 {Iran, Iraq} 
1082.1 െ െ െ ୍߮୰ୟ୬ሺܸሻ 
Source: research Calculations 
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Table 4. Shapley value calculation for Iraq 
ሺሃௌሃି1ሻǨሺ௡ିሃௌሃሻǨ
௡Ǩ ሾܸሺܵሻ െ ܸሺܵ െ ሼ݅ሽሻ] 
ሺሃܵሃ െ 1ሻǨ ሺ݊ െ ሃܵሃሻǨ
݊Ǩ  
ሾܸሺܵሻ െ ܸሺܵ െ ሼ݅ሽሻ] ሃܵሃ Coalition with Iraq 
൬1
2
൰ ሺെͳͳʹͲǤ͹ሻ ൌ െͷ͸ͲǤ͵ͷ ሺ1-1ሻǨሺ2-1ሻǨ2Ǩ ୀ12 V({Iran})-V({׎})=-1120.7 1 {Iran} 
ሺ1
2
ሻሺͶͲͲͷǤͻሻ ൌ ʹͲͲʹǤͻͷ ሺ2-1ሻǨሺ2-2ሻǨ2Ǩ ୀ12 
V({Iran},{Iraq})-
V({Iraq})=4005.9 2 {Iran, Iraq} 
1442.6 െ െ െ ୍߮୰ୟ୯ሺܸሻ 
Source: research Calculations 
 
Thus, the Shapley value function of the game is φ (V) = (1082.1,1442.6) which shows the allocation of the net profit 
gained from the coalition, between the two countries. The following equations determine the share of each country 
cost payment: 
ࢄࡵ࢘ࢇ࢔ ൌ ૛૞૛૝Ǥ ૠ െ ૚૙ૡ૛Ǥ ૚ ൌ ૚૝૝૛Ǥ ૟ 
ࢄࡵ࢘ࢇࢗ ൌ ૛૞૛૝Ǥ ૠ െ ૚૝૝૛Ǥ ૟ ൌ ૚૙ૡ૛Ǥ ૚ 
Therefore, based on the results of the above calculations, Iran and Iraq have to undertake 1442.6 and 1082.1 million 
dollars, respectively. 
5. Summary, Conclusions and Suggestions 
In this paper by describing the problem of dust phenomenon and its consequences, the economic analysis of certain 
theoretical framework was presented to deal with this phenomenon in the interaction with the neighbors. According 
to calculations performed in the study, the total annual cost of Iran and Iraq are 1043.5 and 1404 million dollars 
respectively. Mulching cost of the main centers of dust is 2524.7 million dollars per year. 
Using the theory of cooperative games, net benefits in terms of cooperation and non-cooperation between the two 
countries were calculated and compared. The results show that if the two countries are working together to combat 
with the phenomenon, their combined net profit increased in amount of 2524.7 million dollars. Then, by using 
Shapley solution the net benefit which has increased was allocated between the two countries. Accordingly, Iran’s 
and Iraq’s increased net benefit are 1082.1 and 1442.6 million dollars. Thus, the cost that each country should be 
undertaken to deal with the phenomenon was calculated; Iran and Iraq should be undertake 1442.6 and 1082.1 
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million dollars respectively. Because of 1481.2 against 1120.7 million dollars net losses when the two countries not 
cooperate together to conquer dust phenomenon, share of Iran is more than Iraq. 
Therefore, based on the results, Iran and Iraq could cooperate to combat the phenomenon in order to increase their 
net benefits. In other words, cooperative strategy chosen by the two countries caused to gain more net benefit to 
them. Shapley solution with transfer payments, increases the incentive of cooperation between the two countries to 
combat with the dust phenomenon in the condition of cooperation. 
Therefor Iran can provide a portion of combatting cost in the territory of Iraq with the different methods such as side 
payments. Further research suggestions are as follows: 
- in the future studies one can consider the other countries of the Middle East which deal with dust phenomenon and 
a game with more than two players. 
- Given the close relationship between the water resources and the occurrence of dust phenomenon, entering the 
region international waters into the game theory analysis, could be another topic of future research. 
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